The microstructure and the composition profile of lead lanthanum zirconate titanate thin film fabricated using the sol-gel method were analyzed using the scanning electron microscope and scanning Auger microscope. The PLZT thin film consists of micron-scale spheroidal perovskite grains and nano-scale pyrochlore grains. The perovskite grain has a higher lead and lower oxygen and zirconium contents than the pyrochlore grain. The Auger spectra of the two phases were similar except for energy shift and extra fine structure of oxygen peaks. The Auger depth profile and SEM observation of the cross-sectional fracture surface showed higher perovskite content near the interface between PLZT and ITO films than the surface of the PLZT film.
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The lead zirconate titanate (PZT) and lead lanthanum zirconate titanate (PLZT) thin films have been studied extensively due to their large piezoelectric constants and electrooptic effects.1 PZT and PLZT have been known to have two crystalline phases: the pyrochlore phase being stable at relatively low temperature and the perovskite phase at relatively high temperature. The PZT and PLZT thin films are usually composed of the amorphous phase after deposition. During normal heat treatment of the amorphous thin films, both pyrochlore and perovskite phases were crystallized in the films. A typical microstructure of the PZT and PLZT thin films consists of micron-scale spheroidal perovskite particles and nano-scale pyrochlore grains.2-3 The perovskite phase has tetragonal, rhombohedral, or orthorhombic structure, depending on the composition and chemical formula of ABO3. The pyrochlore phase has a cubic fluorite structure and the chemical formula of A2B2O7.4 Since the pyrochlore is centrosymmetric, it does not show ferroelectric properties. In order to use the PZT and PLZT films in electronic and electrooptic applications, the films must have a higher perovskite phase content because only the perovskite phase shows the excellent electrical and electrooptical properties that are needed for practical applications.
The objectives of the present study are to investigate the microstructure of a typical PLZT thin film, using the electron microscope, and to determine the differences between the perovskite phase and the pyrochlore phase in the microstructure.
PLZT (9/65/35) thin films were fabricated using spin coating of the metallo-organic solution on ITO (Indium Tin Oxide) coated Corning 7059 glass substrate and heat-treated at 600 °C for 2 h. An explicit processing of the PLZT thin film using the sol-gel method is described in Ref. 3 . Fig. l(a) . The contrast is reduced, which indicates that there is no noticeable difference in composition between the perovskite phase and the pyrochlore phase. As mentioned earlier, the only difference in composition between the perovskite phase (ABO3) and the pyrochlore phase (A2B2O7) is a slightly higher oxygen concentration in the pyrochlore phase. the perovskite content near the interface is slightly higher than that near the surface. Figure 2 shows energy dispersive x-ray (EDX) scans [ Fig. 2(b) ] of oxygen (O) and lead (Pb) passing the same line in the microstructure of the PLZT thin film. The microstructure also consists of the spheroidal perovskite grains (bright contrast) and the pyrochlore grains (dark contrast). The line scan of the oxygen Ka x-ray indicates that the pyrochlore grains have relatively high oxygen concentration. This observation agrees with the reported chemical formula of A2B2O7 of which the only difference in composition is a slightly higher oxygen concentration in the pyrochlore phase. The line scan of the lead M a x-ray indicates that the pyrochlore grains have relatively low lead concentration. The line scan of zirconium ha x-ray showed a similar profile to that of the oxygen. The line scans of titanium Ka x-ray and lanthanum La x-ray did not show any detectable compositional difference between the perovskite grain and the pyrochlore grain within the resolution of the EDXS used in this study. The observations made in the line scans of the cations may indicate that the difference in composition between the perovskite phase and the pyrochlore phase is not only the oxygen concentration but also the lead and zirconium concentrations. The perovskite grain consists of higher lead and lower oxygen and zirconium than the pyrochlore grain.
The precursor solution for the sol-gel process usually consists of excess lead in order to compensate for a possible lead loss at the reaction temperature (over 600 °C). The precursor solution in this study had 5 mole % excess lead. This excess lead may affect the pyrochlore contents in the film, and further study is being undertaken to study the effect of excess lead content in the precursor solution on the pyrochlore content in the film. Figure 3 shows Auger spectra of the perovskite grains and the pyrochlore grains of a PLZT film. The spectra were collected from the electron beam focused at the centers of each grain, and the spectra from three different grains were exactly the same. Two different points were observed between the two spectra. First, the energies of the elements of the perovskite grain are shifted to several eV lower value compared to those of the pyrochlore grain. The energy shift may be due to the difference in the surface charge built-up due to the electron beam between the perovskite and pyrochlore since the dielectric properties are different between two phases. The other difference in the spectra between the perovskite and pyrochlore grains is the extra fins structure in the spectrum of the oxygen atom of the perovskite grain, as indicated by the arrows in Fig. 3 . Because the crystal structure is different between the perovskite and the pyrochlore phases, the chemical state of the oxygen is different between two phases, and, consequently, the fine structure of the oxygen spectra is different. The oxygen spectrum of magnesium oxide is better fit to that of the perovskite grain than the pyrochlore grain.5 Figure 4 shows a typical depth profile of a PLZT thin film consisting of both perovskite and pyrochlore phases. The Auger electron was collected from a 40 X 40 nm2 scanning area of the sample which includes both several perovskite grains and pyrochlore grains. The film thickness was about 0.5 /nm. The concentration profiles of the elements were uniform up to approximately half the thickness of the film, but the lead concentration increased, and the zirconium concentration decreased as the depth increased from the half thickness. This observation is consistent with the observation made in the SEM study. As shown in the cross-sectional microstructure of the film [ Fig. l(e) ], the perovskite content in the region near the ITO layer is higher than that in the surface region. The perovskite phase has a relatively high lead concentration and low zirconium concentration (Fig. 2) . The titanium content appears to increase abruptly in the ITO layer. This artifact was due to the peak overlapping between zirconium and indium peaks. In summary, a typical PLZT thin film consists of micron-scale spheroidal perovskite grains and nanoscale pyrochlore grains. The perovskite grain consists of higher lead and lower oxygen and zirconium than the pyrochlore grain. The Auger spectra of the perovskite and the pyrochlore grains are similar except for the energy shift due to the built-up surface charge and some extra fine structures in the oxygen spectrum due to a different chemical state. The depth profile observed using an Auger electron microscope and the microstructural observation made from the SEM image of the crosssectional surface of the film showed a relatively high concentration of the perovskite near the interface between the PLZT and the ITO thin films.
